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ABSTRACT 
The total free amino acids, ammonia, urea, and pyrrolidone carboxylic acid (PCA) 
were determined by ion exchange chromatography in conventional albino guinea pig 
epidermis, and their values were 305, 57 .2, 37.7, and 270 ttmoles/gm wet wt., respec-
tively. Serine (25.1 o/o) and glycine ( 15.6%) together comprised about 40% of the 
total free amino acids, and sn additional 30% are equally divided between citrulline, 
alanine, and proline. Free cystine or cysteine was absent from epidermis but all of the 
remaining 19 free amino acids were about 200 fold higher in concentration in whole 
epidermis as compared with plasma. Germ-free epidermis had a higher taurine level 
than conventional epidermis, but all the other ·water-soluble nitrogen compounds were 
2-4 fold greater in concentration in the latter tissue. The similarities far outweighed 
the differences between the free amino acid pattern (mole o/o) of conventional as com-
pared to germ-free epidermi . The lower level of the nitrogen compounds in germ-free 
pidermis was attributed to an impairment of protein digestion in the gut due to a lack 
of microbial flora. Alterations in concentration of these compounds up to 6 days after 
3000 rep ,8-irradiation of the kin were reported. The possible origin (s) and biological 
significance of these epidermal nitrogen compounds was discussed. 
In the first report of this series (1), ion ex-
hang chromatoO'raphy was utilized to quanti-
tat 16 free amino acids iiJ the trichloracetic 
acid (T A) extract of albino guinea pig epi-
d rmi". The value cited were based on an 
avera()' of 2 animals and although they were 
lat r confirmed by others (2), it was felt that 
information regardinO' the free amino acid can-
t nt in mammalian epidermis was of sufficient 
importnnce to warrant additional verification. 
Th . ndv nt of the improved automated ion 
xchanO'e technique (3) enabl d us to separate 
and qunntitat 19 free amino acid and :xtend 
our tudic to an wer some questions arising 
from our arli r work. The free amino acid 
upported by Contract AT(30-1)-3445 with 
U. . C and, in part, by Environmental Control 
Admini tration, CPEH . U PH , EC-R01-00079. 
R c iv d June 23. 1969; accepted for publica-
tion pt mb r 3. 1969. 
V\7 wi h to thanl· Dr. Paul B. Hamilton, Alfred 
I. duPont In titute of The Jemour Foundation. 
and Dr. Milton Tabachnick, New York Medical 
oil for th ir critical reriew of the manu-
ript. 
• From th R arch Laboratori s, Laboratory 
f xp rim ntal D rmatolog.v Alb rt Einstein 
M di al nt r, Philadelphia P nna. 19141. 
24 
concentration and pattern (mole o/o) in gumea 
pig plasma is included in this study as this is 
the nutrient source of these epidermal com-
pounds. Any major differences between plasma 
and epidermal levels should give useful infor-
mation regarding the characteristic amino acid 
metaboli m of epidermis. A knowledge of the 
epidermal free amino acid concentration and 
pattern and their fluctuations under pathologic 
condition should aid our comprehension of 
epidermal protein metaboli m, including that 
of the keratinization proce . It may al o be 
helpful in preparing media for optimal growth 
and differ ntiation of epidermal tissue culture. 
The que tion a to the possible microbial ori-
gin of the water-soluble nitrogen compounds is 
an wered by the results of an analysis of germ-
free epidermis. A brief report is also presented 
of the effect of ,8-irradiation injury on the 
concentration of some of these con tituents. 
MATERIALS AND METHODS 
Male and f male albino guinea pigs ( 600-900 
m) were maintained on Purina guinea pig chow 
upplemented twice a week with fre h inner leaves 
of lettuce and tomato juice, and once a week 150 
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mg Vitamin C was added to the drinking water. 
About 150-400 mg of epidermis wa scrapedt from 
the flanks of stretched albino guinea pig skin as 
previously described (1) and immediately ho-
moO'enized in cold 2.5 % TCA with an all glass 
homoO'enizer with the aid of about 30-40 mg of 
accurately weighed finely powdered quartz. The 
acid-soluble constituents were removed from the 
centrifuged cell debris by washings with 2.5% 
TCA (final volume, 5 ml). The TCA extracts were 
further deproteinized with picric acid ( 4) and ap-
propriate aliquots were analyzed by automated 
ion exchange chromatography (Phoenix Instru-
ment Co., Philadelphia, Pa. or Analytica Corpora-
tion. \Ve tbury, N. Y.) for quantitative separation 
of 19-22 free amino acids, ammonia, and urea (3). 
l~nlike the earlier method (1) , with thi procedure 
it ''as po sible to separate ornithine from lysine 
(their ratio a\·eraged 5.1:1), and tyrosine from 
phcn~'la l anine . mall but variable amounts of 
tryptophan were detected but not recorded, since 
about 40-60 % of this amino acid i destroyed dur-
inO' ion exchange chromatography (5). Guinea pig 
pia ma \Ya obtained from blood withdrawn by 
cardiac puncture. The straw-colored plasma con-
taining orne heparin was deproteinized with picric 
acid ( 4) and analyzed for amino acid . 
Pyrrolidone carboxylic acid (PCA). PCA, a 
c~·clic derivative of glutamic acid has no free 
amino group and is not retained on D owex 50. 
About 0.1 ml aliquot of the TCA ext ract was 
placed on 1 x 7 em columns of Dowex 50 - 8 X 
(100- 200 mesh , H + form) , and the PCA was elu ted 
with 3 bed volumes of deionized water. The eluate 
·was hell frozen, freeze dried, and the dry m aterial 
containing PCA free of interfering amino acids 
'"a dis olved in 1 N HCl and heated for one hour 
at 100° C. Th glutamic acid produced b:v hydroly-
si of PCA was determined with ninhydrin ( 1) . 
Since the indiYidual amino acids have over a 
3-fo]d range in mol ecular weight presentation of 
tho data by weight of amino acid would call for 
time-con uming recalcul ations if one wish d to 
C'Ompare concentrations of different amino acids. 
The re ult . th refore. are expressed in ,umo]es/ gm 
wet \\·eight of epidermi . and dividing by 0.35 con-
nrL the Yalu e to dr~- weight (65 % moi ture in 
guinea pig epidermis (1)). 
RE SULTS 
Free amino acids . erine and glycine com-
pri ~ect about 40% of the total free amino acids 
(Table I ) and an addi t ional 30% are equally 
diYi led between citrulline, alanine and pro-
line. Adding ornithine and arginine brings the 
total to 2%. Not shown in Table I are the 
Yalue obbined for mall amounts of phospha-
t Contamination of these scrapinO's with dermal 
material was negligible as verified by repeated 
micro copic examination of craped dermis and 
the presence of only 3.3 % of dermal collagen (1). 
ethanolamine, methionine sulfoxide, and cys-
tathionine. These ranged between 0.35-1.4 
,umoles/gm wet wt (3 animals), 0.49-0. 4 
,umoles/gm wet wt ( 4 animals) and about 1.1 
,umoles/gm wet wt (2 animals), respectively. 
orne glutamine and asparagine were also pres-
ent but were partially obscured by the large 
serine peak and were not recorded. Rossmiller 
and Hoekstra (2) report a combined value of 
24 ,umoles/gm dry wt (about 3 mole %) for 
these two compounds. The total free amino 
acids for 6 animals averaged 305 -+- 110 ,umoles/ 
gm wet wt (Table I). This calculates to ap-
proximately 9 ,umoles total free amino acids/ 
square inch or 1.4 ,umoles/ cm2 of (Tuinea pig 
epidermis. 
H ydrolyzable compounds. In order to deter-
mine whether there were significant amount 
of protein or low molecular weight peptides 
present in the epidermal TCA extract, it was 
subjected to acid hydrolysis with 6 N HCI. 
The increase in glycine, proline, and lysine 
(Table II, column 6) suggests that small 
TABLE I 
Concentration a11,d mole c of fr ee amino acids in 
albino guinea pig epidermis 
Amino acid J.lmoles/gm . S.D. Mole %* S.D. wet wt 
, enne 76. 30.0 25.09 2.30 
Glyc ine 4 .3 17 .7 15 .59 1. 29 
Citrulline 2 .2 10 .6 9.44 1. 21 
Alanine 33.G 14.7 10 . 1. 2G 
Proline 34.8 15 .8 10 .93 1.23 
Ornithine 19.5 G. () . 42 1.19 
Arginine 17 .6 .7 5.85 1. 21 
Glu tamic acid 12 .0 4.8 3 .97 1.19 
Hi tidine G.5 2.5 2.23 0 .3 
Valine 4.5 2.0 1.43 0.11 
Lysine 4.7 l.G 1.53 0.29 
Aspar t ic ac id 3.9 2.3 1.19 0.3 
Leucine 3.3 1.5 1.03 0.15 
Threonine 2.7 1.1 0. 4 0 . 13 
T yr os ine 1.() 0.7 0 .50 0.10 
Phenylalanine 1. 9 0 .9 0 .57 0 .11 
T aurine 2.6 0.4 0.83 0 .39 
I oleuc ine l. G 0. 0 .51 0 .0 
Met hionine 1.2 0 .6 0.37 0 . 1 
---
T otals 305 ± 110 99.20 
Average of data from 6 animals. 
* ,u.mole / 100 ,utnole . 
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amounts of protein or peptides rich in these 
amino acids may be present in epidermis, but 
the large increase in glutamic acid indicates 
that the major hydrolyzable compound(s) is 
a derivative of glutamic acid (PCA, glutamine, 
a polypeptide or esters of glutamic acid). Re-
lea of 220 ,umoles of glutamic acid after rela-
tiv ly mild hydrolysis (Table II, column 3) 
without an equivalent increase in ammonia, 
uggested the presence of a preponderance of 
P A, esters of glutamic acid, or partial 
hydrolysis of a polypeptide . The 28 ~-tmole incre-
ment in ammonia (Table II, column 5) is prob-
ably due to hydrolysis of glutamine a.nd as-
paragine (2). The additional increase in am-
monia after 6 N HCl hydrolysis is, in part, due 
to the complete hydrolysis of glutamine and 
a paragine, the partial hydrolysis of urea and 
citrullin (to ornithine, co~ and ammonia)' 
and to a le · er degree, of arginine, serine and 
thr · onine. The epidermal TCA extract was 
treat d by passage through Dowex 50- X (see 
method ) , and the presence of PCA in the 
luat wa verified by paper chromatography. 
hromatograms were developed in 5o/o Chlorox, 
dri d overnight in a hood to remove chlorate 
and prayed with 1 o/o tarch KI solution (6). 
P ~ crive a brown color which fades to blue-
TABLE li 
hang sin roncenlmtion of some fr ee amino an'ds, 
1tTea and ammonia afle1' acid h yd rolys'iS of an 
aqu eous ext racl of alb1:no g ninea pig epi dermis 
Before lN HCI 61\'" HCI 
hydro)- 1 hr, 22 hr, 
ysi 100°C li5°C 
A B c B-A C-A 
Glyei11e 92.0* 91.8 117 .0 - 0.2 25 .0 
Proli ll<' 73 .0 i7 . 2 97.0 -:1.2 2-LO 
)rnithine 31.-.1: 37 .4: 59 .0 G. O 27.6 
U utamie acid 1 .3 239 .Ot 302 .0 220.7 2 4.7 
A partir acid .9 11.5 19.8 2.6 10 .9 
L ine 7.9 9.4 19 .5 1.5 11 .6 
rea 39.-.1: 30.1 26.1 -9.3 - 13 .3 
H 4+ 219.0 247.0 347.0 2 .0 12 .0 
* }.(mol p r gram wet wt epidermis. 
t Be au e of t he 1 arg i ncr ase in gl utarnic acid 
aft r h droly i it was not po sible to dt criminate 
b h eu itrulliu and glutamic acid ; one large 
p akwa obtain d . inc itrullin isquile table 
t mild acid hydr ly is, t he J.'mol citrulline found 
b for hydr l i wa ub tract d from t he total 
lutrun ie acid obtain daft r h rdrol ' i . 
black. Identical Rt values were obtained for 
the epidermal material and pure L-pyrrolidone 
carboxylic acid with 4 different solvents (7). 
With butanol-acetic acid water (100:22:50) 
the PCA Rt value was 0.63. PCA appears to 
be the major hydrolyzable nitrogen compound 
in aqueous extracts of guinea pig epidermis. 
Its concentration (7 animals) averaged 270 + 
73 flmoles/ gm wet wt. or 657 ,umoles/gm 
dry wt. 
Ammonia and urea. The ammonia and urea 
content of albino guinea pig epidermis for 5 
animals averaged 57 .2 (range, 34-109) and 37.7 
(range, 30-60) ,umoles/gm wet wt, respec-
tively. The urea value is similar to that reported 
by others but the epidermal ammonia content 
i about twice that reported by Rossmiller and 
Hoekstra (2). 
Germ-free epidermis. Can the metabolism of 
microscopic flora and fauna (8) living on con-
ventional guinea pig skin account for a signifi-
cant amount of the epidermal "ornithine 
cycle" compound., other amino acids, or PCA 
(Table I )? All of the Krebs "ornithine cycle" 
compounds (cit rulline, arginine, ornithine, a -
partie acid, and urea) are present in germ-
free epidermi (Table III). With the excep-
tion of taurin e, the majority of the free amino 
acid are 2-4 fold greater in concentration in 
conventional than in germ-free epidermis 
(Table III) . Urea and ammonia content of 
crerm-free epidermis is also significantly lo·wer 
(ca. 50o/o ) . Arginine is exceptionally higher in 
convent ional epidermis (12 fold greater) sug-
ge ting that, in part, it may be of microbial 
origin. Germ-free epidermis al o contained 6 
flmole / gm wet vYt. of PCA ; this is about one-
third the PCA content of conventional epi-
dermi . The similarit ies far outweigh the dif-
ference between the free amino acid pattern 
of conventional and crerm-free epidermis (Table 
III, columns 4 and 5). 
Effect of 3000 rep {3-irradiation. There is a 
dipha~ic increase in epidermal total free amino 
acids after a do e of 3000 rep {3-irradiation to 
conventional guinea pirr skin (9). At the 15th 
day interval, the increa e in total free amino 
acid wa not due to an increment in any par-
ticular amino acid, they all increased to Yary-
ing degree , and the mole o/o remained unal-
ered (9). ince the possibility existed that at 
intervals prior to the 15th day significant 
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changes may have occurred, the experiment was 
repeated with one animal each at 1, 3 and 6 
day after 3000 rep /3-irradiation. The re ults 
were imilar to our previous findings and the 
only new information obtained was that the 
urea content decreased progres ively to 53% of 
the control by the 6th day. These decrea es 
"·ere accompanied by a corre poniling ri e in 
the ammonia concentration with a peak of 
105% above the control by the 3rd day. /3-
alanine and {3-aminoisobut) ric acid, products 
of pyrimidine catabolism, were not detected 
in ion exchange chromatograms of epidermal 
extract of control or irradiated tissue taken 
up to 15 day postirradiation. 
DISCUS ION 
Free amino acids. Table IV summarizes our 
pre ent knowledge reuarding the free amino 
acids, urea and ammonia content of mam-
malian epidermis and compares these values 
with the pla rna level of the 3 species. The 
ab~ence of free cystine or cysteine in e:>..'tracts 
from guinea pig or human epidermis (Table 
IV) indicates that this amino acid is either 
rapidly bound or metabolized. The plasma 
mole % has been altered in epidermi re ulting 
in increases in serine, citrulline, ornithine, ar-
ginine, and aspartic acid, a well as ammonia, 
ancl ignificant decrea es in the mole % of 
crlycine and 7 other amino acids (Table IV) . 
_\bout 11 % of the dry weight of epidermis 
ron ists of free amino acids (1). Thi high 
]('\·el i similar to that reported for human 
~ t ratum corneum (10, 11 ). The major portion 
of the free amino acids i present on the kin 
surface or in the stratum corneum (11-13), 
and in uuine:-t pig epidermis about 90% can be 
rcadil~· removed from exci ed tissue after 6 
washings '''ith 0.25 :M ucro. e (1) . There i 
about a 200 fold greater concentration of total 
lree amino acid in epidermis (65% moisture) 
u~ compared vvith pla rna (Table IV, columns 
2 and 3). Since about 10% is intracellular, this 
is within the 2-20 fold increa e in concentra-
tion of plasma amino acid attributed to mo t 
mammalian ti ue cells (14). The data in 
Table IV permit one to obtain a fir t approxi-
mation of the free amino acid pool in mam-
malian epidermis if one a umes that 10% of the 
total are intracellular and the mole percents 
cited are identical for all epidermal cell lay-
TABLE III 
Comparison of f1·ee amino acids u1·ea and ammonia 
content in germ-free and conventional albino 
guinea pig epidermis 
Serine 
Glycine 
Citrulline 
Alanine 
Proline 
Ornithine 
Arginine 
Glutamic acid 
Histidine 
Valine 
Lysine 
Aspartic acid 
Leucine 
Threonine 
T yrosine 
Phenylalanine 
Taurine 
Isoleucine 
Methionine 
Totals 
JLIIloles per gram j 
wet wt Mole % 
Germ- Conven- Germ- Conven-
free tiona} free tiona} 
20.5 
17 .9 
6.2 
11.7 
9. 
10.0 
1.6 
() . 9 
1.9 
2.1 
2.1 
1.6 
2.0 
1.6 
0.7 
0.8 
5.7 
1.3 
0.8 
105.2 
20.5 
24 .8 
76 .8 
-! .3 
2 .2 
33.6 
3-!.8 
19.5 
17.6 
12.0 
6.5 
4.5 
4.7 
3.9 
3 .3 
2 .7 
1.6 
1.9 
2 .6 
1.6 
1.2 
305 
37.7 
57.2 
19 .30 
16.70 
5 . 2 
11.00 
9.27 
9.32 
1.54 
6.4 
1. 0 
1.95 
2.02 
1.50 
1. 7 
1.55 
0 .66 
0.79 
5.31 
1.12 
0 .75 
9 .75 
25.09 
15.59 
9.44 
10. 
10.93 
6.42 
5 . 5 
3.97 
2 . 23 
1.43 
1.53 
1.19 
1.03 
0 . 4 
0 .50 
0 .57 
0. 3 
0 .51 
0 .37 
99.20 
We wish to thank Miss J ane Bishop, Depart-
ment of Pathology , University of Michigan , Ann 
Arbor , and Dr. Hichard E. Horton , Allergy and 
Infecti o u Diseases, N.I.H ., for their gen rous 
donation of 3 germ-free animals each (175 to 350 
g) . Pool d epidermis, 627 mg, was obtaiued from 
the former and 45 mg from the lat ter. The amino 
acids in the TCA extracts of ea h were determined 
a described in the method . ection. Th values 
from the Mi chigan a nd Bethesda animals were 
imilar and were averaged. 
er . erine, glycine, citrulline, argmme and 
threonine were found to b most abundant in 
the cell ap of guinea pig hair follicles (25). 
If it can be shown that the free amino acid 
pattern found for whole epidermis (Table I) 
prevail within or urrounding the cells of the 
malpighian layer, then it may well be that this 
particular combination is required for normal 
protein ynthe i . In thi regard there are only 
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TABLE IV 
Comparison of epidermal and plasma f ree amino acid content of albino guinea pig, man and rat 
Guinea pig Man Rat 
Ebid. Plasma a St. Corneum b Thumb Plasmad Epid.e P lasma (Ta le I ) printc 
eri ne 25.09* 12.10* 23.20 27.5 4.45 9.25 7. 16 
lyci ne 15 .59 24.30 16. 12 18.4 14.20 17.80 11.50 
iirull i ne 9.44 0.89 10.00 1.03 - 1.22 2.30 
Alan ill<' 10 . 8 10.10 9.21 7.50 12.70 11.70 10 .20 
Pro! i 11 10.93 3.97 1. 48 2.85 7.26 4 .77 4 .06 
rni thillc G.42 3.87 2.87 8.80 1. 7-1 0.25 1.12 
Arrini11e 5 .85 0.84 0.73 1.29 3.33 7.10 2.80 
1 utamif' acid 3 .97 3 .40 2.43 2.33 2.03 14.10 3.10 
Histidine 2 .23 1.27 4 .29 4.65 2.40 1.81 1.68 
Valin<' 1.43 6.80 3 .81 3.35 9.00 2.65 4.60 
Ly. ine 1.53 2.89 1. 79 2.85 5.70 4. 70 9.90 
As part if' acid 1 .19 0.40 3.00 5.95 0.22 2.57 0.45 
Lcucin(' 1.03 5.58 2.62 2.85 4 .70 2.56 3.58 
Threoni11 0 .84 4.43 7 .13 4.65 5.00 4.22 6.25 
Tyros i11 - 0 .50 2.22 2.95 1.53 2.12 1. 27 1.83 
Phe ny 1 nl ani ne 0.57 1.16 2.83 1.81 2.08 1.27 1.83 
Tauri nc 0.83 2.78 0.32 0 . 26 3. 14 8.65 4.85 
Isoleu('ine 0.51 3.57 1.94 2.06 2.60 1.77 2 .50 
Methionine 0.37 0.88 0.72 0.52 0.78 1.47 1.42 
Asparaj:!;i ne- :Jut amine - -
- - 13 .20 7 .90 19 .50 
Y2 'ystine Trace 7 .13 - - 3. 20 0.97 0.52 
Total** 305 245 678 0 .39 270 512 268 
Urea** 37.7 825 158f - 446g 85.4 295 
II 4+ 57 .2 40 .2 34 .0f - 5.7g 90 .8 26.1 
* f ol eo (J.tmoles / 100 .umoles) for iudividual amino acids . 
**Total amino acids, urea, and ammonia in ,umole / gm wet wt; ,umoles/ 100 ml for plasma, and total 
,umol , for nr thumb print . 
" AvNnu of 3 auimals (70( 00 gm ) fasted 18 Ius. Comparison of mole % amino acids in epidermis 
aml plusma from the sam e animal gave similar res ults and are not presented. 
b Th<' mole ~- of free amino acids present in a water extract of skin scrapings from the trunk or ex-
treme! iei-' . The relativel:o.· high total reflects the lower moisture content of this material (ca. 10% ) as 
compared with whole epidermis (60- 65% ) (see ref. 12 for % S.D.). 
c Hecnlculnted from daLa in ref. 33. 
d H culculat d from median of range ; data from 6 different laboratories (30 subject ) all determined 
by ion exchange chromatography (see ref. 5 for ranges ) . 
e Approximat values recalculated from data for '""hole skin of white male, prague-Dawley r ats (34) 
a suming epidermis as 5% of whole skin and containing over 90% of t he amino aci ds ammonia and urea .. 
r H<'raleulatcd from ref. 10. Ammonia range, 45 to 75 mg %. 
a H cnlc uJ at d from ref. 35. 
minor diff r nee between the normal free 
amino acid pattern and that ob erved in guinea 
pJO' pid rmi durin()' acute radiodermatitis (a 
hy rkeratiniz d acanthotic epidermis) where 
th r i ~ an incr a e in total free amino acid 
(9) nor i the pattern altered significantly in 
hexnd cnne-induced h perkeratotic (2) or o-erm-
free guinea pig epidermis (Table III) where 
there i a decrease in total free amino acids. 
On the other hand, the total amino-N is sig-
nificant ly lower in p oriatic scales and the mole 
o/o of erine, glycine and several other amino 
acids differ" ignificantly from that in normal 
tratum corneum (12). 
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In maB, there are some consistent differ-
a lCes in the free amino acid pattern between 
tne upper trunk and extremities and the plan-
t u skin ( 13) . The mole % citrulline and threo-
nine is higher in the former and ornithine is 
higher in the latter (Table IV, columns 4 
nnd 5). With regard to the four principal 
amino acids, serine, glycine, citrulline, and 
alanine (totalling about 60 mole %) the values 
for guinea pig flank epidermis are remarkably 
similar to upper trunk in man; however, the 
guinea pig epidermis has a higher mole % of 
proline, ornithine, arginine, and taurine. 
The free amino acids, ammonia and urea in 
mammalian epidermis originate either from the 
epidermal cells or the blood, or both. Their 
accumulation from sweat is negligible as has 
been made clear by t he studies of many in-
ventigators (11, 16, 17)' and our own findings 
with /3-irradiated guinea pig skin (9) . Cavia 
kin contains no eccrine sweat glands and after 
destruction of the dermal adnexa (sebaceous 
glands and hair follicles) by /3-irradiation, the 
regenerated epidermis contains increased con-
centrations of the water-soluble nitrogen com-
pounds. Reports continue to appear regard-
ing the free amino acid content in sweat (15), 
but with the aid of the anaerobic technique for 
collecting sweat, it should be possible to demon-
trate that its free amino content, like urocanic 
acid (18), i primarily an artifact of elution 
from the epidermis. 
It has been suggested that the high level of 
free amino acids in stratum corneum and hai r 
is probably of cellular origin and re ults as a 
b~·product of keratinization involving some 
t~·pe of protein bydrolysis (19). Some of the 
faC't regarding epidermal protein composition 
:mel ynthesis upport thi view. Serine and gly-
(·ine comprise about 40% of the total free amino 
acid" present in guinea pig and human epi-
dermis (Table IV) and t hese are relatively 
high in epidermal protein (20, 21 ). Glycine 
and serine are the predominant components of 
the -terminal residues in the two principal 
dilute, alkal i-soluble proteins from human callus 
(21). Mild alkaline resolubilization of these 
proteins yields everal peptides which contain 
up to 50% glycine and serine (21). Enzyme 
hydrolysis in vivo of N-terminal serine and 
glycine could account, in part, for their high 
le,·el in aqueous extracts of stratum corneum 
of whole epidermis. It remains to be elucidated 
whether the amino acid in the epidermal inter-
titial fluid ari e from intracellular protein 
hydrolysis or simply reflect the nonutilized 
portion of plasma amino acids which have con-
centrated in the urface film or stratum cor-
neum. 
The hair and skin of the germ-free animals 
appeared normal; however, there is some indi-
cation that germ-free epidermis is about one 
cell layer thinner than conventional interfollic-
ular epidermis which is 2 to 3 cell layer thick. 
The age and lower weight of the germ-free ani-
mals (175-350 g) is not a factor accounting for 
their low free amino acid content (Table III), 
for the epidermis of conventional guinea 
pigs in the same weight range have high free 
amino acid levels similar to adult animals. 
While the difference in concentration of tau-
rine and arginine between conventional and 
germ-free epidermis (Table III) sugge t that 
these may, in part, be influenced by the growth 
of skin microorganisms, thi appears to be ex-
t remely unlikely for the remaining 17 com-
pounds. Undoubtedly, the skin microflora and 
fauna, utilize and produce some nitrogen com-
pounds, but the amounts are probably below 
the level of detection when compared with the 
concentrations re ulting from epidermal cell 
metaboli ·m. The finding in germ-free animals 
of a significantly lower concentration of all t he 
free amino acids with the exception of taurine, 
hints at some general metabolic impairment 
in these animal . VvT e interpret these prelimi-
nary find ing a surrrresting that the ab ence of 
an inte t inal flora in these animals result. in a 
poor utilization (hydrolysis) of plant protein 
in the gut. A finding of an abnormally low 
plasma free amino acid concentration in the 
germ-free animals would lend support to this 
contention. The special diet (22) required to 
maintain these animals may also contribute 
to an abnormally low epidermal free amino 
acid content. The relatively low level of total 
free amino acids in germ-free epidermis leads 
to the possibility that other tissues may also 
be "starved" for amino acid and thi. , in part, 
may account for the extremely thin-walled 
cecum, the high incidence of ventral hernia, 
prolap ed rectum and intussu ception of the 
large inte tine ob erved in these animals (23). 
Urea and ammonia. The above statement 
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regarding the basi. for the low free amino acid 
cant nt of o-erm-free epidermis applies equally 
well to it lower urea and ammonia content 
(Tabl III). Th phy iological basi for the 
relativ ly high concentration of urea in con-
ventional epidermi may be either the possi-
bili y that the stratum corneum acts as a con-
centration ite for pla rna urea (Table IV) or 
it accumulation may result from epidermal 
cell m taboli m of amino acid in a manner 
similar to that occurring in liver cells. The 
pr' · nee of urea, citrulline, ornithine and ar-
gmm in guinea pi()' and human epidermi 
(Table IV), uggest that the complete "orni-
thin cycle" known to be active in liver, may 
also be operativ in mammalian epidermi . 
rginn;::e, one of the 1 ornithine cycle" enzymes, 
ha. I rn reported in normal guinea pig epi-
dermi · ( .. A) and Roger (25) claims to have 
d tectecl the "complete urea cycle" in homoge-
natE:'. ' of O'Uinea pig hair follicles. On the other 
hand, it ha not been po ible to demon trate 
aro-inino uccinat synthetase or ornithine t rans-
carbamyla e in human epidermi (26). This 
ob rvation conflicts with the report of Rogers 
( ... 5) nnd leave open the question whether a 
complete 110rnithine cycle" is operative in 
mammalian epidermis. If it were functioning 
cffici ntly, one might expect much lower levels 
of fre ammonia. The high l vel of ammonia in 
mammalian epidermis (Table IV) would be 
d trimental, if not toxic, to mo t mammalian 
cell but about 90% ( ee above) of this com-
pound i extracellular and concentrated in the 
urfnce film or the stratum corneum. A major 
our e of ammonia may be the nonenzymatic 
d amination of glutamine with the production 
of P A ( ec below) . 
Pyrrolidone carboxylic acid (PCA). The 
concentration of O'lutamic acid in epidermi is 
about twic that of erine (25 mole %) if one 
include_. the very hio-h level of PCA (270 
fL1110le j o·m wet wt.). About 35% of the PCA 
can br r moved by 3 wa hings with 0.25 M 
ucro · 1 rior to homoO'enization (7). Human 
kin rapinO' from the trunk contained about 
6 fLIDOl ~;gm' et wt. (27). 
W . ha v b en unable to detect PCA in 
o-uin a pi()' erum or pla rna and the mechani m 
f r it orio-in in pidermis i not clear. There 
ar fiv po ibili ie for the origin of epidermal 
P : 1) pontaneou nonenzymatic decom-
o ition of O'lutamine wi h relea e of free am-
mania (28). 2) Conversion of glutamate + 
ATP to PCA, ADP and orthophosphate by 
glutamine synthetase, 3) Formation of PCA 
from y-glutamyl peptides (i.e. glutathione, etc.) 
by y-glutamyl lactamase (36). 4) Enzymatic 
dehydration and cyclization of L-glutamic acid. 
5) Possible microbial origin of PCA. The first 
three of the above appear most likely to occur 
in vivo. There are many examples in the 
literature describing the spontaneous decom-
position of glutamine to PCA and ammonia 
(see ref. 2 for additional literature), and in 
two cell culture media at pH 7:2 and 37o C, 
there was a 10% decomposition per day. Thi 
type of reaction may account, in good part, 
for the relatively high ammonia content in 
mammalian epidermis. The second reaction re-
quire metal ion (Mg++ or Mn++) for ac-
tivity. In the presence of ammonia, glutamine 
syntheta e forms glutamine which may then 
cyclize to PCA nonenzymatically (2 ) . In 
order for the fourth po sibility to occur, it would 
require that L-glutamic acid be converted to 
the D-form since in mammalian tissue~ this 
enzymatic conver ion is re tricted to that of D-
glutamic acid going to D-PCA (29). This en-
zyme i also present in human epidermis, but 
the use of 14C-DL-glutamic acid as substrate 
for its detection (30) leaves open the question 
whether the L-form alone would react. It has 
been suggested (29) that in mammals the en-
zyme acts on ingested D-glutamate or that 
formed by intestinal flora, but the latter path-
\'vay to PCA is ruled out by our finding of a 
relatively high level of PCA in germ-free 
guinea pig epidermis. Lastly, it is unlikely that 
PCA i of microbial origin for the reason cited 
above. 
The biological ignificance of the high level 
of PCA in epidermi i not known. Ba ed on 
the hydroscopic properties of the salts of PCA, 
it is claimed to be a natural moisturizer for 
stratum corneum (31) but other (32) believe 
the neutral sugar fraction in the surface film 
serves this purpose. 
The data presented have answered the ques-
tion raised in the introduction; however, it has 
also stimulated additional que tions regard-
ing the origin ( ) of the relatively high levels of 
the oluble nitrogen compounds in epidermis. 
An wers to orne of the e are being sought in 
our laboratory. 
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